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RESEARCH ARTICLE

Hypoxemia and not hyperoxemia predicts worse outcome in severe COPD 
exacerbations - an observational study
Charlotte Sandau a, Ejvind Frausing Hansen a, Lars Pedersenb and Jens Ulrik Stæhr Jensen c,d

aDepartment of Respiratory Medicine and Endocrinology, Pulmonary Section, Copenhagen University Hospital Hvidovre, Copenhagen, 
Denmark; bDepartment of Respiratory Medicine and Infectious Diseases, Copenhagen Univervisity Hospital Bispebjerg Hospital, 
Copenhagen, Denmark; cDepartment of Medicine, Respiratory Medicine Section, Copenhagen University Hospital Herlev Gentofte Hospital, 
Copenhagen, Denmark; dDepartment of Clinical Medicine, Faculty of Health Sciences, University of Copenhagen, Copenhagen, Denmark

ABSTRACT
Objectives: For patients admitted with an acute exacerbation of COPD (AECOPD) and a need for 
supplementary oxygen therapy, to determine if peripheral oxygen saturation < 88% (hypoxemia) 
or >92% (hyperoxemia), within first 24 hours of admission, is associated with ‘treatment failure’ or 
fewer days alive and out of hospital within 14 days after admission.
Design: A retrospective multicenter observational study, reviewing consecutive data on SpO2, 
oxygen, and drug administration at three predefined time points, on adverse events in patients 
admitted with COPD between December 2019 and June 2020. Multivariable logistic regression 
analysis, Mann Whitney U- and Chi-square-test were used.
Setting: Acute hospital setting, across four different hospitals in the capital region of Denmark.
Participants: Patients with a confirmed diagnosis of COPD admitted with an acute exacerbation 
and an oxygen need within the first 24 hours admission.
Results: In total 289 COPD patients were included. The median age was 74.8 years [interquartile 
range (IQR):69.6 to 81.8], 191 were female and 132 patients experienced ‘treatment failure’. 
A minimum of one episode of hypoxemia (SpO2 < 88%) within first 24 hours was associated 
with having a low number (≤4) of days alive and out of hospital within 14 days after admission: 
OR 2.4 (95%CI 1.2 to 4.8), p = 0.02, absolute risk 44% vs. 26% p = 0.01, Chi-square. Comparable 
results were observed after 30 days of follow-up: OR 2.6 (95% CI 1.0 to7.1), p = 0.05. A minimum 
of one measurement of hyperoxemia (SpO2 > 92%), within first 24 hours of admission was not 
associated with low number of days alive and out of hospital within 14 days OR 1.0 (95% CI 0.5 to 
2.1) nor at 30 days.
Conclusion: For admitted patients with AECOPD, being hypoxemic ever within the first 24 hours 
after admission is associated with a substantially increased risk of a poor prognosis.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is 
highly prevalent and associated with high morbidity 
and mortality [1–5]. Respiratory failure or arterial 
hypoxemia defined as an oxygen saturation (SpO2) < 
88% is not uncommon in acute exacerbations of COPD 
(AECOPD) and often leads to hospital admissions [6]. 
Oxygen supplementation, bronchodilators and steroids 
are often used in the first-line treatment of respiratory 
failure. The associated dyspnea is sometimes alleviated 
by administration of opioids and/or benzodiazepines 
(BZD) and I associated with inpatient mortality [7].

Oxygen therapy may impair alveolar ventilation and 
CO2 elimination through different mechanisms, and 

thus induce hypercapnia and subsequent respiratory 
failure in susceptible patients [8–10]. Survival rates in 
patients with COPD who experience their first episode 
of hypercapnic respiratory failure requiring Non- 
Invasive Ventilation (NIV) are low and have been 
estimated to be 72% at one year, 52% at two years, 
and 26% at five years respectively [11]. To reduce 
adverse effects in the acute phase of an exacerbation, 
it is suggested that oxygen therapy can be titrated 
according to guidelines to achieve a SpO2 between 
88–92% [6,12]. Also, guidelines advocate that opioids 
and BZD suppress respiration and can be titrated indi-
vidually to avoid respiratory adverse effects [13,14].

It is known that hypoxemia induces pulmonary 
hypertension, secondary polycythemia, systemic 
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inflammation, skeletal muscle dysfunction and, ulti-
mately death if the hypoxemia is severe and untreated 
[10,15]. It has also been shown that high-flow or liberal 
oxygen therapy increases the risk of hypercapnia, 
respiratory acidosis and mortality in prehospital set-
tings [15,16]. Few studies have examined associations 
between initial therapy of hypoxemia and dyspnea, 
incorporating oxygen, opioids and/or BZD administra-
tion, in patients with COPD and outcome in terms of 
treatment failure (initiation of mechanical ventilation 
after at least 24 hours of admission) or death in a hos-
pital setting. Considerable unclarity remains of whether 
hypoxemia (<SpO2 < 88%) or hyperoxemia (SpO2 

> 92%) is associated with the worst prognosis. Also, 
the potential risk attributed to administration of 
opioids and/or BZD, within first 24 hours of admis-
sion, remains unclear in the literature [17,18].

The primary aim of the current study was to deter-
mine, for patients admitted with COPD exacerbation 
and a need for supplementary oxygen therapy if per-
ipheral oxygen saturation < 88% (hypoxemia) or >92% 
(hyperoxemia), within first 24 hours of admission, is 
associated with fewer days alive and out of hospital 
within 14 days after admission.

The secondary aim was to find out if peripheral 
oxygen saturation < 88% (hypoxemia) or >92% (hyper-
oxemia) within first 24 hours of admission is associated 
with a higher risk of the combined outcomed measures; 
‘treatment failure’* or ‘late hypercapnic respiratory 
failure’**.

Further we wanted to explore whether administra-
tion of either opioids or BZD *** within the first 
24 hours of admission is associated with fewer days 
alive and out of hospital within 30 days after admission.

* defined as NIV-treatment, ICU admission and/or 
invasive mechanical ventilation initiated after first 
24 hours of admission, hospital admission length 
>10 days or death within 30 days after admission.

**defined as NIV-treatment, ICU admission and/or 
invasive mechanical ventilation initiated after first 
24 hours of admission

*** opioids and/or BZD, but not midazolam.

Materials and methods

A multicenter observational study performed by, 
reviewing consecutive data on patients admitted in 
respiratory wards in four different hospitals in the 
capital region of Denmark between December 2019 
and June 2020. Patients were identified through elec-
tronic medical records (EMR), contained in retrospec-
tive reports of admissions from each ward.

Patients with a confirmed diagnosis of COPD 
admitted with an acute exacerbation (ICD code J440, 
J441, J448 and J449 in possible combination with J18.X 
or J96.X) and a minimum of one episode of documen-
ted oxygen therapy in the Early Warning Score (EWS) 
[19] within the first 24 hours admission, were included.

Ethics

According to the national Committee on Health 
Research Ethics in Denmark non-interventional studies 
are not covered (www.nvk.dk).The study has been 
approved by the Danish Data Protection agency (31– 
1521-436) and is conducted in accordance with the 
Declaration of Helsinki [20]. The authors will share 
all study data to other scientists. However, data sharing 
should always comply with national and international 
data regulations to protect patient´s right to own data. 
Thus, other scientists can approach the authors with 
a plan within this legal frame. If this plan does not 
comply to the regulations, the authors will do every 
effort to help formulating the request within legislative 
frames.

Data collection and exposure definitions

As a daily routine, data on the vital parameters of the 
patients are collected by nursing staff and documented 
according to modified Early Warning Score EWS 
guidelines in the EMR [21]. Data on oxygen delivery, 
SpO2, respiratory rate, blood pressure, pulse rate, 
awareness and temperature were obtained on included 
patients at three different points; at arrival and by 
intervals of 8 hours until 24 hours. Thus, first measure-
ment was documented at arrival or up to 8 hours after 
(8 hours measurement), second measurement was 
documented between 8–16 hours after arrival 
(16 hours measurement) and third measurement was 
documented between 16–24 hours after arrival (24- 
hours measurement). A total of three EWS- 
measurements were obtained on each patient. In case 
of missing value, because the patient had died or was 
discharged, the ‘last observations carried forward’ 
approach was used. Patients who had no EWS- 
measurements before admission in ICU or death were 
excluded. Oxygen delivery method was primarily by 
nasal canula unless patients were mechanically venti-
lated. Data on administration of opioids or BZD within 
first 24 hours/ 3 shifts were obtained, as were data on 
events of Non-Invasive Ventilation (NIV) or invasive 
ventilation, ICU during admission or death within 
30 days from admission. Additional data on Long 
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Term Oxygen therapy (LTOT), Long Term NIV and 
demographic factors were obtained.

To describe the exposure of oxygen therapy within 
first 24 hours, patients were categorized according to 
SpO2 in the following categories: SpO2 between 88– 
92% (saturation within range), SpO2 > 92% (hyper-
oxemic event) or SpO2 < 88% (hypoxemic event). 
Thus, it was possible to determine if patients had 
received ‘perfectly controlled oxygen therapy’ (all 
three measurements within saturation range), had 
been ‘ever hyperoxemic’ (minimum of one episode of 
SpO2 > 92%) or ‘ever hypoxemic’ (minimum of one 
episode of SpO2 < 88%).

We obtained data on administration of opioids and/or 
BZD within first 24 hours of admission. Midazolam is 
often used in the context of terminal care and may as 
such have contributed with bias by indication, hence 
administration of midazolam did not contribute to 
data. Exposure of opioids or BZD was categorized into 
administration of ‘opioids or BZD ever’ versus never.

Statistics

Sample size was estimated for the primary outcome 
‘Days Alive and Out of Hospital within 14 days’. The 
standard deviation has been found in other studies to 
be approximately 3.8 days for patients admitted with 
COPD [22]. Conventional type II error limit of 0.2 
(corresponding to a power of 80%) and an alfa of 
0.05 were used, and a 1.3 day difference as detection 
limit, established in an earlier AECOPD study 
[22,23]. This would require at least 272 patients. We 
decided to include 270–300 patients.

Days Alive and Out of Hospital within 14 days 
(DAOH-14) is a continuous outcome, used as our 
primary outcome and is known for its sensitivity 
[22,24]. Date of admission, discharge from hospital 
and death within 14 days from admission were used 
to calculate number of Days Alive and Out of 
Hospital (DAOH), hence avoiding lead-time bias 
due to death during admission. If patients had more 
than one admission within a period of 14 days, 
the second admission did not contribute to data. 
DAOH-30 was used as third outcome and followed 
same methodology as given for DAOH-14.

Treatment failure, defined as NIV-treatment 
initiated after first 24 hours of admission, ICU and/ 
or mechanical ventilation initiated after first 24 hours 
of admission, hospital admission length >10 days or 
death within 30 days after admission was calculated 
as a composite outcome based on dates and time of 
all of the above and dichotomized, as we anticipated 
that each single outcome would not provide sufficient 

power to detect associations. Hospital length 
>10 days was added to the combined outcome treat-
ment failure as it was decided that 10 days without 
sufficient recovery, was a proxy for treatment failure.

Logistic regression was used to calculate Odds 
Ratio (OR) for associations between peripheral oxy-
gen saturation and the dichotomized versions of 
treatment failure and DAOH-14 and DAOH-30. 
Treatment failure was categorized into ‘no event’ or 
‘event’, with ‘no event’ being reference category. 
DAOH-14 was categorized into less than or equal to 
4 days alive and out of hospital (DAOH-14 ≤ 4 days) 
[24] vs. more than 4 days alive and out of hospital 
from admission (DAOH-14 > 4 days). DAOH-30 was 
categorized into less than or equal to 10 days alive 
and out of hospital within 30 days from admission 
(DAOH-30 ≤ 10 days) [24] and more than 10 days 
alive and out of hospital within 30 days from admis-
sion (DAOH-30 > 10 days). All regression analyses 
were adjusted for covariates (sex, LTOT and Home- 
based NIV) and results are presented as differences in 
means with 95%CI, significance P ≤ .05.

For sensitivity testing, we used a non-parametric 
two-tailed Mann Whitney U-test to determine if oxy-
gen therapy or administration of opioids or BZD had 
significant effects on number of days alive and out of 
hospital.

We present results by medians and Inter Quartile 
Range (IQR). P-values < 0.05 were considered signifi-
cant. IBM SPSS statistical package version 25 was used 
for analysis.

Results

Patients with several admissions could only enter once 
(unique patients), thus we finally included 289 conse-
cutive patients in the analysis, which complied with our 
sample size calculation.

Patient characteristics

Patient characteristics are described in Table 1.
Days Alive and Out of Hospital within 14 days 

(DAOH-14) was median 8.6 [IQR 2.2–10.8]. Within 
14 days from admission 28.7% of patients had less 
than 4 days alive and out of hospital (DAOH-14 < 4).

Patient’s Days Alive and Out of Hospital within 
30 days (DAOH-30) was median 24.4 [IQR 17.2–26.7] 
and 17.6% of these patients had less than 10 days alive 
and out of hospital (DAOH-30 < 10).

Treatment failure occurred in 45.6% of admissions 
shown in Figure 1.
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Figure 1 ‘Number of admissions; potentially eligible 
for inclusion, excluded, confirmed eligible and number 
of events within 24 hours exposure and after exposure 
but within 30 days from admission’:

A total of 48 patients experienced being ”hypoxemic 
ever”, with 36 patients experiencing just ‘one hypoxe-
mic episode’ in three measurements. From these 48 
‘hypoxemic ever’ patients, 21 patients (44%) experi-
enced the outcome of ‘less than 4 days alive and out 
of hospital within 14 days’, whereas for ‘never- 
hypoxemic’ patients, 62 of 241 (26%) experienced less 
than 4 days alive and out of hospital, p = 0.01, Chi- 
square. For further analysis of patients with moderate 
or severe hypxemia, please see supplemental materials

Logistic regression analysis showed a strong associa-
tion between ‘hypoxemic ever’ and low number of days 
alive and out of hospital (DAOH-14 < 4) with OR 2.4 
(95%CI 1.2–4.8), p = 0.02. (Table 2 and Figure 2 
below).

Male gender was also strongly associated with 
(DAOH-14 < 4) with OR 1.8 (95%CI 1.0–3.1), 
p = 0.034. There was no significant association between 
‘hyperoxemic ever’, and (DAOH-14 < 4) (Table 2 and 

Figure 2 below). Administration of opioids or BZD 
‘opioids or BZD ever’ showed a trend towards an 
increased risk of low DAOH-14 < 4, with OR 1.6 95% 
CI (0.9–2.7). However, this increased risk was not sig-
nificant (p = 0.12). There were no associations between 
DAOH-14 < 4 and LTOT or Long Term-NIV.

Sensitivity analysis, testing ‘hypoxemic ever’ versus 
patients who never experienced hypoxemic measure-
ments, revealed a clinically meaningful difference in 
DAOH-14: median 7.1 days [IQR 0.0–10.2]) vs. median 
8.8 days [IQR 4.0–10.9]), p = 0.0477.

Being “hyperoxemic ever “compared to patients who 
never experienced hyperoxemic measurements did not 
seem to influence the DAOH-14 outcome: median 8.8 
[IQR 0.3–10.2] vs. 8.1 [IQR 3–10.9], p = 0.08

A minimum of one administration of ‘opioids or 
BZD ever’ Vs. ‘opioids or BZD never’ on DAOH-14 
showed no significant difference between groups med-
ian 8.9 [IQR 4.3–11 .1] Vs. median 8.6 [IQR 1.2–10.6], 
p = 0.23

As shown in Table 2 and Figure 2, the logistic 
regression analysis adjusted for age, gender, LTOT 
and Long Term NIV did not show any association 

Table 1. Patient characteristics; demographic data, clinical exposures and total 
number of events.

Total number of patients 289

Female 191
Age, median, IQR 74.8 [69.6–81.8]
*Forced Expiratory Volume in 1 sec % of expected volume, mean, SD 38.5 (17)
*Forced Expiratory Volume in 1 sec. in L, mean, SD 0.88 (0.46)
Admission days, median, IQR 4.8 [3.0–8.4]
**Number of patients with >1 admission within the past year 219
Number of patients with >10 days of admission 54
Number of patients with ≤10 days of admission 235
<4 days alive and out of hospital 14 days from admission 83
<10 days alive and out of hospital 30 days from admission 51
Receiving Long Term Oxygen Therapy 101
Oxygen delivery in L/min, mean, SD 2.7 (3.1)
Long term Non-Invasive-Ventilation 17
>1 administration of opioid/ 24 hours 122
>1 administration of BZD/ 24 hours 91
>1 administration of opioids and BZD/ 24 hours 46
>1 administration of opioids or BZD/ 24 hours 167
Never SpO2 in the range 88–92% 94
1 measurement of SpO2 in the range 88–92% 69
2 measurements of SpO2 in the range 88–92% 93
Perfect controlled oxygen administration. 35
***‘Hypoxemic ever’ 48
1 Hypoxemic episode 36
2 Hypoxemic episodes 11
3 Hypoxemic episodes 1
***‘Hyperoxemic ever’ 232
Acute non invasive ventilation 105
Admitted in ICU 13
Received invasive ventilation 2
Dead after 24 hours, but within 30 days 52

*All lung function tests included were taken within a year before admission 
**COPD exacerbation related-admissions 
***Total number exceeds number of patients, since some patients experienced both hypoxemic and 

hyperoxemic episodes. This group contributed to the data in both the ‘hypoxemic ever’ and the 
‘hyperoxemic ever’ group. However, because of low numbers, we did not consider this overlap to have 
any statistical nor clinical impact. 
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between a minimum of one measurement of hypox-
emia ‘hypoxemic ever’ and treatment failure or late 
hypercapnic respiratory failure. Male gender showed 
a strong and significant association with treatment 
failure. There was no association between ‘hyperoxe-
mic ever’ and treatment failure or late hypercapnic 
respiratory failure. Administration of ‘opioids or BZD 
ever’, showed a nonsignificant trend towards an 
increased risk of treatment failure and late hypercap-
nic respiratory failure.

Logistic regression showed a strong and significant 
association between ‘opioids or BZD ever’ and 
(DAOH-30 < 10). Strong associations were also 
shown between ‘hypoxemic ever’ and DAOH-30 < 10 
as well as gender.

We did not find any differences on the DAOH30 
outcome between the groups ‘opioids or BZD ever’ vs. 
‘opioids or BZD never’: median DAOH30: 24.8[IQR 
19.0–27.4 vs. median 24.3 [IQR 15.0–26.5], Mann- 
Withney U-test on p = 0.37

Discussion

Among patients admitted for AECOPD, being ‘hypoxe-
mic ever’, within first 24 hours of admission was asso-
ciated with a substantially increased risk of having 
fewer days alive and out of hospital within 14 days 
from admission. Opposite, and surprisingly, being 

hyperoxemic ever” did not increase the risk of fewer 
days alive and out of hospital within 14 days.

We found numerically substantially more patients 
who progressed to treatment failure after being 
hypoxemic, however this was not statistically 
significant.

Further, we observed a signal of increased risk of 
fewer days alive and out of hospital within 30 days, if 
patients had had a minimum of one administration of 
opioids or benzodiazepines.

Relation to other studies

Our results are surprising and contradict previous evi-
dence that has primarily focused on harm from hyper-
oxemia. However, most studies on oxygen 
administration are based on prehospital- or emergency 
settings [15,16,25–27], and these results cannot be 
extrapolated into a hospital environment of admitted 
patients. Our findings could not, in a hospital setting, 
confirm the high risk associated with hyperoxemia.

The high risk of adverse events associated with 
organ hypoxemia and tissue ischemia in patients 
admitted with AECOPD is highlighted by our results, 
but data also indicates, how high oxygen flows and not 
solely high SpO2, may be an attention point in future 
oxygen therapy. This speculation emerges, as oxygen 
flows represent the most substantial deviation between 
our observations and the observations contributing to 

Figure 1. Shows patient flow from screening, to inclusion and through first 24 hours treatment and into Days Alive and Out of 
Hospital up until 30 days from admission (DAOH-30). The flowchart illustrates the composites of ‘Treatment failure’ and ‘late 
hypercapnic respiratory failure’ by showing a) the number of events within first 24 hours of treatment, B) number of events after 
24 hours of treatment given by numbers (%); ‘treatment failure’ 132 (45.6%) and ‘late hypercapnic respiratory failure’ 28(9%) and C) 
total number of events.
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Table 2. Associations between exposures and outcomes NB: Only powered for the oxygenation variables (marked with #).
Associations between exposure variables and less than 4 Days Alive and Out of Hospital within 14 days from admission (DAOH-14 < 4)

Variables Multivariate OR (95%) P value
Hyperoxemic ever# 1.0 (0.5–2.1) 0.9
Hypoxemic ever# 2.4 (1.2–4.8) 0.02
Opioids/BZD ever** 1.6 (0.9–2.7) 0.12
LTOT*** 0.9 (0.5–1.6) 0.69
Long Term NIV**** 0.7 (0.2–2.4) 0.56
Male gender 1.8 (1.0–3.2) 0.03

Associations between exposure variables and treatment failure*
Hyperoxemic ever 1.0 (0.5–1.9) 0.9
Hypoxemic ever 1.8 (0.9–3.6) 0.09
Opioids/BZD ever** 1.6 (0.9–2.7) 0.09
LTOT*** 1.0 (0.6–1.8) 0.9
Long Term NIV**** 0.5 (0.2–1.9) 0.37
Male gender 1.8 (1.1–3.1) 0.03

Associations between exposure variables and late hypercapnic respiratory failure*****
Hyperoxemic ever 0.9 (0.3–2.6) 0.8
Hypoxemic ever 1.0 (0.3–3.3) 1.0
Opioids/BZD ever 1.9 (0.8–4.7) 0.2
LTOT 0.6 (0.2–1.7) 0.3
Long Term NIV - -
Male gender 1.2 (0.5–2.9) 0.7

Associations between exposure variables and less than 10 Days Alive and Out of Hospital within 30 days from admission (DAOH-30 < 10)
Hyperoxemic ever 1.0 (0.3–4.2) 0.97
Hypoxemic ever 2.6 (1.0–7.1) 0.05
Opioids/BZD ever 2.3(1.1–4.7) 0.02
LTOT 0.7 (0.3–1.5) 0.35
Long Term NIV 0.2(0.0–2.0) 0.19
Male gender 3.1 (1.5–6.3) 0.002

*OR: Odds ratio. Treatment failure defined as; NIV-treatment initiated after first 24 hours of admission, ICU and or respirator treatment initiated after first 
24 hours of admission, hospital admission length >10 days or death” within 30 days after admission. 
**Opioids and/or benzodiazepines 
***LTOT defined as; Long Term Oxygen Therapy administrated in the home of the patients 
****Long Term NIV defined as; Long Term Non Invasive Ventilation administrated in the home of the patients 
*****Late hypercapnic respiratory failure defined as; NIV-treatment initiated after first 24 hours of admission, ICU and or respirator treatment initiated after first 

24 hours of admission. 

Figure 2. Forest plot showing risks of exposures as Odds Ratios [95% Confindence Intervals] in relation to low numbers of days alive 
and out of hospital within 14 days and treatment failure.
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the risks described in pre-hospital literature, since our 
mean oxygen delivery was 2.7 L/min (range 0–30) 
compared to Austin et. al.’s liberal oxygen delivery of 
8–10 L/min [16].

Furthermore, gas exchange in the lungs is complex 
with hypoxemia, hypercapnia and acidosis influenced 
by a number of processes such as hypoxic pulmonary 
vasoconstriction, increased ventilation/perfusion- 
mismatch, the Haldane effect, resorption atelectasis, 
and inhibition of hypoxic drive, making therapy is 
equally complex [28]. It is known that hypercapnia 
and/or acidosis develops at a slower rate than hypox-
emia. Despite this, literature indicates that between 10– 
20% of AECOPD admitted in hospitals present with 
type 2 respiratory failure by arrival [29,30], these 
patients are not included in our study, making it hard 
to compare our risk estimates with previous literature. 
However, it has been shown, that patients who develop 
acidosis during admission and initiate NIV after 
24 hours of admission, have a higher mortality rate 
than those who arrive at the hospital with acidosis 
[31,32]. These patients, susceptible for hypercapnia 
and known for their need of close monitoring, are 
presented in our data. However, the high rate of hyper-
oxemic episodes reported in our study is associated 
with a relatively low risk of hypercapnia. This indicates 
that the complex clinical procedure of monitoring oxy-
gen administration via observations, algorithms, and 
Arteria Blood Gas (ABG) values have better conditions 
in hospital settings as opposed to pre-hospital settings 
and stress the importance of it.

Another explanation why our results might be that 
some of the included patients may quite rapidly be able 
to oxygenate spontaneously. These may have a better 
prognosis than those who continue to have a need of 
oxygen supplementation.

Also the differences in risks (OR) between the 
observations by others [15,26] and our results may be 
explained by the fact that both previous studies reflect 
emergency arrivals detected by a single EWS measure-
ment or Arterial Blood Gases (ABG) within 4 hours, 
and thus they include most sick subjects eligible for 
direct NIV, ICU or death within first 24 hours of 
admission regardless the specific underlying pathophy-
siology. This part of the AECOPD-population is also 
excluded from our analysis.

Thus, our data does not confirm the high risk of 
hyperoxemia described by most literature, but under-
lines the high risks associated with hypoxemia in 
admitted patients with AECOPD. This especially so, 
since most of the patients who experienced hypoxemia, 
only experienced a single episode. Moreover, based on 
explorative analysis, it seemed that the number of 

hypoxemic episodes could be of essence for the prog-
nosis rather than the degree of hypoxemia. Our results 
pinpoint the need for interventional studies on the 
correct oxygen target among admitted patients with 
COPD exacerbation, and they raise considerable 
doubt on whether results from pre-hospital settings 
can be extrapolated into hospital settings. This is 
a serious concern, since oxygen saturation targets of 
88%-92% have been adapted in hospital-settings, 
despite them being based on pre-hospital studies.

Patients qualifying for LTOT or Long Term-NIV are 
a severely sick subgroup, but none the less and inter-
estingly so, no associations between DAOH-14 < 4 and 
LTOT or Long Term-NIV was found I our study. We 
believe our results are reflections of optimized thera-
pies and a confirmation of the already reported effects 
of these on readmissions and mortality [33,34]

Hypoxemia seems to be highly associated with an 
increased risk of a poor prognosis and certainty on this 
crucial part of COPD exacerbation therapy should be 
obtained shortly.

Strengths and weaknesses of this study

Our study was a multicenter design, and we collected 
substantial and systematic data across four different 
hospitals and 8 different wards (4 Emergency wards 
and 4 respiratory wards) in a highly selected popula-
tion. We believe our study differentiates from previous 
studies [15,16,25,26,35], due to the in-hospital setting, 
the extended timeframe of data collection, with three 
times repeated measurements within a 24 hours and at 
clearly predefined time points and not upon indication. 
Further, we followed patients for 30 days and used 
fixed-time follow-up, not hospital admission lengths, 
that may vary in different patient groups and be pro-
longed by oxygen needs, circumstances associated with 
a higher risk of death. By using fixed-time follow-up, 
we included data on potential readmissions and death 
within the fixed period, while at the same time avoid-
ing lead-time bias, which would have been the case if 
we only described length of stay and time to death 
separated from a fixed-time follow-up. Our study 
describes a high rate of anxiolytic usage (58%) that 
may differ from international practice. We believe 
this rate to be comparable to Scandinavian standards 
of a selected population with severe COPD and an 
oxygen need, since Ekström et al. describe 
a prescription rate of opioids to be 46% in a Swedish 
national cohort of end-stage COPD patients starting 
LTOT. Our somewhat higher rate could be interpreted 
as an consequence of the acute setting, that in combi-
nation with the disease severity and weakness of the 
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patients, induces a high risk of delirium. According to 
literature the crude prevalence estimate of delirium 
amongst patients age>60 in emergency departments is 
15.2% 95% CI (12.5–18.0) [36]. Since guidelines often 
recommend BZD in the clinical management of delir-
ium [37], the significant association between ‘opioids 
or BZD ever’ and (DAOH-30 < 10) in our findings 
could potentially be proxy for delirium. Further, our 
results related to use of ‘opioids or BZD’ should be 
interpreted as explorative, since our study only have 
sufficient power to conclude on our primary analysis.

Limitations include lacking data on ABG’s as 
they may have contributed with validation of the 
effects of oxygen therapy. We decided not to 
include ABG’s as it may have impacted our statis-
tical power or exceed the frame of this observational 
study. In addition no overall statistically significant 
bias in paired SpO2/SaO2 measurements have been 
detected in a previous observational study, support-
ing the use of pulse oximetry for titration of oxygen 
therapy [26,38]. Although our observational study 
had a high degree of data completeness, used fixed 
time outcome and our analysis was adjusted, there 
may still be a risk of residual confounding and the 
retrospective analysis does not allow for any con-
clusions regarding causality of the findings. 
However, though the lack of ability to conclude on 
causality is a considerable limitation it is a well- 
known condition of the design.

Conclusions and implications for clinicians 
treating patients admitted with AECOPD and 
need of oxygen therapy

For admitted patients with AECOPD, being ‘hypoxe-
mic ever’ seems to be associated with a highly increased 
risk of a poor prognosis. Randomized trials should be 
conducted to find the correct and most safe target 
interval for in-hospital oxygen therapy in admitted 
COPD patients with exacerbation.
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